From spectrophotometric and electrochemical techniques, it was shown that cetyltrimethylammonium bromide, CTAB, hemimicelles, formed on the surfaces of a carbon paste electrode (CPE), selectively adsorbed diclofenac, DCF, molecules from a neutral aqueous solution of DCF and acetaminophen, ACT.
Introduction
Anionic, cationic or neutral surfactant molecules have the ability to spontaneously form molecular aggregates termed micelles when they are dissolved in water, depending on the ions present and their concentration in solution.
1 This way, the surfactants have been used to increase the solubility, improve the bioavailability or to prolong the release of various drugs, the stability of analytes associated with exposure under ambient light and normal laboratory atmospheric conditions, or of different types of organic molecules. [2] [3] [4] [5] Surfactants have also been used as masking agents for the simultaneous determination of neurotransmitters 6 and to promote the percutaneous absorption of some analgesics. 7 Two of the most important non-steroidal anti-inammatory drugs (NSAIDS) are diclofenac (DCF), (2-[(2,6-dichlorophenyl) amino]phenyl acetate), and acetaminophen (ACT) commonly known as paracetamol (N-acetyl-p-amino-phenol), due to their analgesic, antipyretic and anti-inammatory properties.
Sophisticated analytical methods have been developed for their individual quantication, such as those involving HPLC techniques with UV detector, 8 diffuse reectance photometry, 9 spectrouorimetry, 10 HPLC with electrochemical detector, 11 aptasensors, 12 membrane sensors with rhodamine B, 13, 14 molecularly-imprinted solid-phase extraction and adsorptive differential pulse voltammetry 15 and modifying an edge-plane pyrolytic graphite electrode with single-wall carbon nanotubes. 16 The mixture of DCF and ACT has been shown to decrease morphine consumption during heart surgeries and to reduce postoperative nausea and vomiting 17 and to display greater efficiency than separate drugs, to relieve pain in cesarean patients. 18 On the other hand, these drugs have been classied as emerging contaminants in both wastewater and drinking water, 19, 20 making imminent the development of affordable, simpler, analytical methods for their simultaneous determination.
In this work, a simple methodology based on the electrochemical oxidation of the DCF and ACT drugs will be shown for the rst time, for individual and/or simultaneous quantication (as in mixtures) in aqueous solution, using a modied carbon paste electrode, CPE, with hemimicelles of the cationic surfactant cetyltrimethylammonium bromide (CTAB).
Experimental
All reactants were analytical grade; the drugs diclofenac and acetaminophen (Sigma) were purchased under the form of sodium salt and acid respectively, phosphate salts and sodium hydroxide (J. T. Baker) and CTAB (Aldrich). All solutions were prepared with deionized water from a Milli-Q (Millipore) instrument with 18.0 MU cm resistivity. When DCF and ACT were mixed in real samples, they were made from Tempra® I.V., solution 500 mg of acetaminophen 10 mg mL À1 (ACT) and AMSA® injectable 75 mg/3 mL (DCF 4 Cl, and 6.25 g of urea were placed in a 250 mL volumetric ask and the volume was completed with water. The samples thus prepared were used immediately aer. Also, these samples were added with 33 mM ACT (from Tempra®), 22.7 mM DCF (from AMSA®). The potentiometer was a pH/Ion Analyzer (HACH) coupled to a glass electrode (HACH series 5010T) to carry out pH measurements in the 0-14 range. Throughout the experiments, the drug solution in the cell was maintained under a nitrogen atmosphere, precluded from light at 25 C.
A Perkin Elmer lambda 20 spectrophotometer was used to obtain the UV-Vis spectra with 1 cm optical path length quartz cells.
A potentiostat Epsilon BASi was used to perform electrochemical studies, aided by a conventional three-electrode cell comprising a bare CPE (displaying a geometric area of 0.071 cm 2 ) as the working electrode, a Pt wire auxiliary electrode (BASi MW-1032) and Ag/AgCl (BASi MF-2021) as the reference electrode, to which all potentials in this work are quoted. The CPE was prepared by mixing graphite powder (Johnson Matthey 1 mm, 99.9%) and mineral oil (Nujol) from Sigma-Aldrich in a 1 : 1 w/w ratio; the resulting mix was placed in a polyethylene tube (10 cm long and 3 mm in diameter) containing a piston; the tip of the tube was then placed on a at surface and the piston was pressed to achieve the elimination of trapped air. Electric contact was attained soldering a Pt wire to an external Cu connector; further details can be found in Ramírez et al..
22,23
3 Results and discussion Fig. 1 shows a linear predominance zones diagram constructed following the methodology proposed by Rojas-Hernández et al., [24] [25] [26] [27] for DCF, Fig. 1a , and for ACT, Fig. 1b , using the respective pK a values. [27] [28] [29] For DCF it is observed that at pH values less than 4.15 the neutral species predominates and at higher pHs the anionic species predominates, whereas for ACT at pH less than 9.50, the neutral species predominates and for higher pH the anionic species. From these diagrams, it is clear that at pH 7 the predominant DCF species is anionic while for ACT it will be neutral. Since CTAB is a cationic surfactant, see CMC. It is important to stress that the CTAB CMC value may change with different factors, including the electrolyte nature and concentration, for instance Fuguet et al. 30 found (0.91 AE 0.05) mM and (0.33 AE 0.09) mM in pure water and 5 mM phosphate buffer (pH 7.0) at 25 C, respectively while Sánchez-Rivera et al. 31 found a CMC value of 0.6 mM in 0.1 M NaCl aqueous solution at 20 C. Furthermore, we have also estimated the CMC value in the presence of both drugs and it was practically the same as that found when there was only DCF, which means that when CTAB concentration is higher than 0.09 it is in the form of micelles even in the presence of ACT. Fig. 3 shows UV-Vis absorption spectra of DCF À molecules ( Fig. 3a) and HACT ( Fig. 3b ) obtained in the presence and absence of CTAB for a c > CMC. The spectrophotometric behavior of DCF À evidenced micelle formation (CTA + )n, whereas for the HACT, these micelles did not modify the behavior of their absorption spectrum. CTAB. In the CTAB presence, the plot exhibits an anodic peak at 0.713 V, while in its absence the anodic peak occurs at 0.630 V. The presence of (CTA + )n not only shis the anodic peak 83 mV towards more positive potentials but also increases the anodic peak current from 2 to 6.41 mA. This conrms the existence of a "supramolecular" interaction between the CTAB micelles and the DCF anionic form (see Fig. 1a ). To deepen on this interaction, a study was performed considering different potential sweep speeds, see below. Considering the above features observed on the LSVs recorded at [CTAB] ¼ 0.1 mM, see Fig. 5 , and the case where the adsorbed species is electroactive, 34-36 eqn (1) has been proposed to describe the experimental i-E curves.
Electrochemical study of the DCF
where A is the electrode surface area, n is the number of electrons transferred during the heterogeneous reaction, n is the potential scan rate, R, T and F are the universal gas constant, absolute temperature and Faraday constant, respectively. E 
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The peak's potential and current are:
Substituting eqn (4) and (5) in (1) yields eqn (6)
A parameterized form of eqn (6) is eqn (7)
where:
Fig. 6 depicts a comparison of the experimental LSVs shown in Fig. 5 with their corresponding theoretical LSVs plots generated by non-linear t of eqn (7) to the experimental data, the number of electrons for DCF n ¼ 1 was taken from CidCerón et al. 32 From this gure it can be concluded that the model on which eqn (1) is based, adequately described the experimental evidence and that when CTAB is present in the system, in concentrations greater that the CMC, the reduced form of DCF À , is strongly adsorbed. For systems where strong adsorption of reactant and product are involved, the full peak's width at half-height (FWHM) should be equal to 90.6/n where n is the number of electrons transferred during the electrochemical reaction. n was calculated for each LSV using this characteristic and n z 1 was also obtained. The relatively small values for P 2 parameter suggest that the interaction between CTAB micelles and DCF À make the DCF À electrochemical oxidation a sluggish kinetic process. indicating that the process is limited by the diffusion of HACT.
Electrochemical study of the HACT
À (CTA + )n interaction
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As shown in Section 3.1.1 in the case of HACT, CTAB also shows a smaller effect on their electrochemical properties compared to (7) to the experimental data. The best-fit parameters are reported in Table 1 . , this is because unlike DCF, the ACT predominates in neutral form (see Fig. 1b ) thus, its interaction with CTA + is negligible.
Individual quantication of the drugs
3.4.1 DCF. Fig. 8 shows LSVs recorded during the DCF electrochemical oxidation in the absence, Fig. 8a , and presence, Fig. 8b , of CTAB. In both cases, the respective anodic peak current (i p ) varies linearly with the DCF concentration; see the insets in Fig. 8 . From these calibration plots it was possible to estimate the inuence of CTAB on the analytical features, namely: the limits of detection (LOD) and quantication (LOQ) and the respective sensitivity as well, using the methodology reported by Swartz and Krull, 37 see Table 2 ; it becomes plain that the CTAB presence improves the analytical features of the electrode. Furthermore, as can be noted from Table 3 , this rather simple electrode depicts similar or better analytical features towards DCF quantication as compared with other more sophisticated electrodes and/or techniques.
ACT.
From the calibration plots obtained using the respective experimental LSVs, see Fig. S2 in the ESI † of this work, it was possible to evaluate the inuence of CTAB on the analytical features of the CPE towards ACT quantication, see Table 2 . Once again, the presence of CTAB improves the analytical features of the electrode. Moreover, as can be noted from Table 4 , this simple electrode depicts similar or better analytical features towards ACT quantication as compared with other more sophisticated electrodes and/or techniques. Fig. 9 shows a comparison of LSVs recorded during the electrochemical oxidation of HACT and DCF À , using a CPE, both present in the same aqueous solution at the same concentration, in the absence and presence of CTAB. Even when in the absence of CTAB two voltammetric peaks corresponding to HACT and DCF À could be distinguished with a DE p ¼ E pDCF À E pACT ¼ 630 À 525 ¼ 105 mV, the presence of CTAB changed this potential difference to 158 mV, which is not a drastic change, however the current peak associated to DCF À went from 8.81 to 19.1 mA (117% increase) while that corresponding to HACT solely depicted a slight increase from 7.52 to 8.35 mA. It is important to note that even when the CTAB alone showed some electrochemical activity in this potential region, it can be considered negligible (for instance, it is 0.76 mA at the E pDCF value in the presence of CTAB). Table 1 Best-fit parameters obtained by non-linear fit of eqn (7) to the LSVs recorded in the system CPE/DCF 100 mM, CTAB 0.1 mM (phosphate buffer 0.1 M, pH 7), see Fig. 6 n/V s À1 
Simultaneous quantication of DCF and ACT
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Potentiometric using and ISE with crystal violet (2.5 AE n. r.) Â 10 À5 n. r. 13 DPV using an edge-plane pyrolytic graphite electrode with single-wall carbon nanotubes.
(0.82 AE n. r.) Â 10
À9
(224 AE n. r.) nA mM
À1
16
DPV using a tyrosine-modied CPE (3.28 AE n. r.) Â10 À6 n. r. 38 DPV using a GCE modied with Cu(OH) 2 nanoparticles, hydrophobic ionic liquid and multiwalled carbon nanotubes.
(4 AE n. r.) Â 10
À8
(0.0147 AE n. r.) mA mM À1 39 n. r. 44 a n. r. ¼ not reported. the CPE towards ACT quantication in the presence of a xed concentration of DCF, see Table 5 . Once more it is possible to note that the presence of CTAB improves the analytical features of the electrode.
From Table 6 it is possible to note that the simultaneous electrochemical, LSV, quantication of DCF and ACT using a simple CPE immersed in an aqueous solution containing (CTA + )n micelles displays similar or better analytical features towards ACT quantication as compared with other more sophisticated electrodes and/or techniques. 3.5.3 Quantication of DCF and ACT in real samples. ACT and DCF are usually marketed as a combined formulation with a xed of 6 : 1 (w/w) ACT/DCF ratio, although other proportions are also available.
46 Fig. 11 shows LSV recorded in a mix of the drugs Tempra® (ACT) and AMSA® (DCF) (synthetic urine) having ACT/DCF ratio of 6 : 1 (w/w) in the absence (broken line) and presence (solid line) of CTAB micelles. It results clear that the presence of this surfactant resolves the voltammetry signal of both drugs.
The determination in real samples was carried out using the curve of standard addition from LSVs recorded in the system CPE/DCF (from AMSA®) ACT (from Tempra®). See Fig. 12 .
In the determination of the drug of DCF from AMSA® using the curve from the Fig. 12(a) it was obtained (24.70 AE 1.1) mg mL
À1
. In the case of ACT it was obtained (10 AE 1.1) mg mL À1 from the pharmaceutical sample Tempra®. These amounts are acceptable because the content of these drugs in the prescription of the vial are, namely, 75 mg per 3 mL for DCF and 10 mg per 1 mL for ACT. It is worthy to mention that the LOD reached through our methodology is in good agreement with physiological levels that could be found in patient's urine. n. r. 51 a n. r. ¼ not reported. 
52
Conclusions
It was shown that CTAB hemimicelles, formed on the surfaces of a CPE, could be successfully used for the simultaneous electrochemical quantication of DCF and ACT dissolved in aqueous solution. The analytical performance, namely: LOD, LOQ and sensitivity, depicted by this inexpensive and rather simple manufacture, CTAB-modied CPE towards DCF and ACT quantication was evaluated, showing high selectivity and sensitivity even in real samples formed by commercial drugs and synthetic urine.
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